SUMMARY Small and large fibre function was studied in 40 non-ketotic, newly diagnosed Type 1 diabetic patients and 48 age-matched controls, using 12 quantitative tests for assessment ofcutaneous sensation. Patients were aged 10-39 years and had been treated with insulin for 4-31 days. Thermal discrimination (foot), warm and cold thermal perception (thenar eminence and foot), and heat and cold pain perception thresholds (thenar eminence) were significantly elevated in the patients as compared with the controls (p < 0-05 to p < 0-001). No significant differences in thermal discrimination (thenar), heat and cold pain perception (foot), and metacarpal as well as malleolar vibration perception thresholds were noted between the groups. The rates ofabnormalities among the individual tests ranged from 0% to 27 5%, being lowest for vibration perception and highest for thermal perception thresholds after cold stimuli. The results in nine of 12 tests correlated significantly with age, but only two were related to HbA1C. Thus, sensory neural functions transmitted by small fibres, but not those transmitted by large fibres, were impaired in newly diagnosed Type 1 diabetics after the correction of initial ketosis and hyperglycaemia. Cooling perception tests were most sensitive in detecting abnormality. An age-related involvement of different small fibre functions was present in these patients.
Quantitative assessment of various neural functions in diabetic patients provides information on the extent of deficits even at subclinical stages of diabetic polyneuropathy. ' 2 While large myelinated (Aa, A/B) fibre deficits may be detected using electrophysiological techniques' and by examination of vibration sensation,34 functional deficits of small myelinated (Ab) and unmyelinated (C) fibres can be assessed by testing thermal sensitivity."' Measurement of pain sensation by thermal stimulation of nociceptive receptors has been established in only a small number of patients.5 "' Previous studies have demonstrated that delays in motor and sensory nerve conduction may be detected in newly diagnosed Type 1 diabetic patients.'"'" Vibration sensation deteriorated in proportion to poor glycaemic control during the first 5 years after diagnosis of non-insulin-dependent diabetes.'8 Impaired thermal and vibratory perception thresholds are commonly detected in diabetic patients with neuropathic foot ulcerations,6 painful symptoms,69 autonomic neuropathy,6 19 and may also be observed in asymptomatic patients.9'0 However, there are no reported studies that assess small fibre function or vibratory sensation at the time of diagnosis of diabetes. Therefore, we investigated thermal, pain, and vibratory sensation thresholds in unselected, newly diagnosed Type 1 diabetic patients with stabilised near normal blood glucose levels. Since thermal stimuli are perceived by different warm and cold receptors which in part are served by different fibres,2 both qualities were assessed separately as well as by the commonly used combined test.S6 "' Furthennore, we analysed the influence of age and prevailing glycaemic control.
Patients
Forty newly diagnosed Type 1 diabetic patients admitted to the metabolic ward of the Diabetes Research Institute participated in the study. Their clinical characteristics are shown in table 1. Criteria for the entry into the study included a history of hyperglycaemia and/or ketosis, age < 40 years, requirement for insulin at diagnosis, duration of insulin treatment less than 5 weeks, absence of alcohol abuse and of drugs known to influence peripheral nerve function. Insulin Evaluation of thermal, pain, and vibration sensation thresholds in newly diagnosed Type I diabetic patients 1421 Cutaneous sensation tests were defined as abnormal if they were more than 2 standard deviations above the mean values of the age-matched control subjects.
Statistical analysis All data were expressed by the arithmetical mean, and SD. Statistical analyses were performed using parametric methods. The t test for two independent samples was applied to differences between groups. Relative frequency was calculated for qualitative variables. Single linear regression analysis was used to study relations between variables. The upper 95% confidence limits of sensory thresholds in control subjects were used to establish abnormalities in the patients.
Results
The mean values of the quantitative small and large fibre function tests in the diabetic patients and in agematched control subjects are shown in table 2. Ther- 
Discussion
The results of the present study show that most of the small fibre function tests of cutaneous sensation Ziegler, Mayer, Gries (thermal discrimination, warm and cold perception, and heat and cold pain perception thresholds) were affected at diagnosis of Type 1 diabetes mellitus, despite treatment and correction of initial ketosis and hyperglycaemia. In contrast, the mean vibration perception threshold which is transmitted by large fibres, was not elevated in the patients as compared with age related control subjects. Previous studies in newly diagnosed diabetic patients have focused on either nerve conduction or autonomic nerve function, and have shown both to be diminished during the initial metabolic derangement,'1'5 21 several weeks after initiation of insulin treatment,'6 17 and also during the first 2 years after diagnosis of diabetes. 22 No study has hitherto established whether quantitative measurements of cutaneous sensation thresholds can be used to detect abnormalities at diagnosis of diabetes. Hillson et al' reported a deterioration in vibration sensation over 5 years after diagnosis of Type 2 (non-insulin-dependent) diabetes as an effect of hyperglycaemia, but did not show whether abnormal values were already observed initially. In recent years, various methods for assessment of thermal sensitivity have been introduced.'2 Several authors used techniques which did not allow for separate measurements of warm and cold perception. '02324 It is known from previous studies that warming receptors are less common than the cooling type and that the former are innervated by C-fibres whereas the latter are supplied by Ab-and C-fibres.2 Since there are differences in the distribution, density, and innervation of these receptors,2 warm and cold perception may be affected differently in diabetic patients. For this reason, specific measurement of warm and cold perception thresholds was performed in this study. Cooling receptors are extremely sensitive to decreases in skin temperature In addition, abnormalities in thenar thermal sensation were markedly more frequent when warm and cold thresholds were tested specifically than when the combined test was used.
In this study we provide evidence that abnormalities in small fibre function precede impairment of large fibre mediated cutaneous sensation in Type 1 diabetic patients. Recently, a similar pattern of elevated thermal sensation but normal vibration sensation was demonstrated in diabetic children with a duration of diabetes ranging from 1 to 16 years. 25 In diabetic patients with or without polyneuropathy, abnormalities in vibration sensation were less pronounced than those of thermal sensation."'°W e have found that the most important determinant of elevated sensory thresholds was increasing age. Associations between sensory thresholds and HbA,, mean blood glucose or duration of insulin treatment were either weak or absent. Thus, the risk ofcutaneous sensory impairment at diagnosis of Type 1 diabetes seems to be increased in elderly patients. Similarly, age related changes in sensory thresholds have been reported in diabetic patients in contrast to healthy subjects.'°A s is shown in this study, pain perception thresholds after heat and cold stimuli are also impaired in newly diagnosed diabetic patients. It is known that more than 50% of C-fibres in cutaneous nerves are nociceptive, and that more than 90% of cutaneous nerve Cfibres in hairy regions are supplied by C-polymodal nociceptors which are excited by noxious heat (> 45'C).2 Recently, raised pain perception thresholds to electrical stimuli have been reported in diabetic patients with a mean duration of disease of more than 10 years.' In contrast, reductions of pain thresholds were found in experimental animal models of diabetic neuropathy.27 Since the latter observation was made in hyperglycaemic animals, whereas our patients had near-normalised blood glucose levels, there is no basis for a comparison of these findings.
Whether the observed abnormalities reflect structural alterations in small fibre-size populations cannot be answered by this study. However, it has been suggested that in diabetic patients elevated thermal and vibration sensation thresholds are correlated with fibre loss.' Furthermore, elevated sensory thresholds were associated with neuropathological changes in the sural nerve4' and with diminished density of cutaneous sensory receptors.' Thus, if abnormal sensory thresholds signify neuropathologic alteration in patients with advanced stages ofdiabetes, it is possible that a similar alteration may already be present at diagnosis of diabetes in patients presenting with these abnormalities.
In summary, we have demonstrated a spectrum of small fibre dysfunctions in metabolically stabilised, newly diagnosed Type 1 diabetic patients. Whether these changes are predictive of progressive neuropathological alteration or of the development of clinical neuropathy remains to be established in long-term prospective studies.
